(Abstract.)
The author shows in the first instance, that when sound is propa gated along a cylindrical tube filled with air, the compression which takes place in any element calls forth a resistance which diminishes the velocity of the particles in the element, at the same time that the dilatation which takes place in any element calls into play a force which will tend to increase the velocity of the particles in the ele ment. He considers that the amount of the force thus called into play (whether it be accelerative of, or retarding the motion) in an element of given magnitude in a given indefinitely short interval, will depend solely on the amount of compression or dilatation deve loped in the element in the interval, and the state of density in the element at the tim e; and he is thus led to the conclusion, that to the ordinary equation for the transmission of sound through a column of air must be added a term of the form dly dx d£ where x denotes the distance from the origin of the element when the air is at rest, y the same distance at the time t when the in motion, 52 a constant depending on the compressibility of air under given circumstances; so that the accurate equation of sound (varia tion of temperature being neglected) will stand
in which equation the upper or lower sign of 2 is to be taken accord ing as the motion of the particles is in the direction in which x is measured positively, or the contrary. On the same principles the author shows that, in the case of elastic fluids, the general equations of motion, when internal resist ance is taken into account, must be written as follows:-VOL. ix.
J_ dp -X du
where p denotes the density •> X, Y, Z the impressed forces acting on the element; u, v, w the resolved parts of the velocity parallel coordinate axes; the total differential coefficient of u with d t respect to t, & c.; and k2 replaces the b2 of the preceding case. The author considers that, for moderate ranges of density, the above equa tions accurately represent the whole internal resistance.
I t is next shown, that when the fluid is inelastic, the same equa tions will represent the motion, provided that we obliterate p in the terms involving k 2.
The force of internal friction in an elastic fluid in which the whole motion takes place parallel to the axis of and in which the whole lateral variation of motion transverse to the axis of occurs in a direction parallel to the axis of is then shown to be properly represented by + tfp ^r> where n2 is a c nature of the fluid; the sign of the terra to be introduced into the equation of motion being determined by the consideration that fric tion must always be a retarding force. The author thence derives the conclusion, that in order to represent the effect of internal fric tion in the motion of an elastic fluid, we must add to the, first of equations (2) and similarly with regard to the other two equations. When the fluid is inelastic, the terms in the equations of motion depending upon friction will be identical with those in the preceding case if we obliterate from the latter p.
Reverting to the equation of sound, which (neglecting terms of the second order) may be put under the form
the author next shows that if the initial disturbance consist of a con densation alone, it will be transmitted with the velocity 1-e) in the direction in which its particles are moving ; and that if it consists of a rarefaction alone, it will be transmitted with the velocity «(1 -fin the direction contrary to that in which its particles are moving. It is here shown also incidentally, that whether the resistance be taken into account or not, the particles of a wave of condensation must all move in the same direction, which will be the direction of transmission ; and the particles of a wave of rarefaction will all move in the same direction, which will be contrary to that of transmission.
In confirmation of the conclusion that waves of rarefaction are transmitted more rapidly than waves of condensation, the author adduces the fact, that when explosions of gunpowder have taken place, the glass in windows has been observed to break outwards rather than inwards.
It is then suggested, that, as when sound is produced, a conden sation and rarefaction of air usually occur in immediate succession, if both kinds of disturbance were capable of affecting the human ear, we should hear sounds double; and as we know practically that this is not the case, it is contended that only one kind of disturbance, i. e. either rarefaction alone, or else condensation alone, can stimulate the ear.
It is shown to be a priori probable, that if one of the two classes of aerial disturbance is suppressed by the ear, that one would be dis turbance by condensation, inasmuch as waves of rarefaction being swifter, would better perform the duty entrusted to them : and it is pointed out that if the sensation of sound is produced by aerial rare factions alone, a difficulty attending the received theory will be ob viated, by reason of the velocity deduced upon that theory being too small.
The author considers, however, that the question, whether either and which of the kinds of aerial disturbance is suppressed, can only be satisfactorily determined by examination of the ear itself. He r 2 accordingly endeavours to establish, by arguments derived from the structure of the ear, that aerial rarefactions are alone capable of stimulating that organ in man. These arguments are briefly as follows:-1. The tympanal membrane being convex inwards, a condensation could only affect the air in the tympanal cavity by stretching the membrane, which would cause an expenditure of force; whereas a rarefaction would produce the effect by a simple flexure of the membrane.
2. The sense of hearing being certainly produced by the motion of the fluid in the labyrinth, which is a closed vessel filled with an incompressible fluid, the requisite motion could not be produced by a compression of the atmosphere. .
3. The disposition of the muscles of the ear is such as is calculated to assist and regulate the impressions produced by rarefactions rather than those produced by condensations.
4. The existence of the Eustachian tube is indispensable to the action of the organ (when all its other parts are in a normal state), on the supposition that sound is occasioned by rarefaction; whereas its uses are not satisfactorily predicable on the contrary hypothesis.
The author observes, that if rarefactions alone produce sound, it follows that a simple contraction of the muscles of the ear will ren der sounds inaudible. It follows also, on the same hypothesis, that a more delicate exercise of the same muscles will render the organ minutely susceptible to the influence of certain sounds, to the exclu sion of others. It is urged also, that, admitting the action of these muscles to be to a large extent involuntary, there can be no' doubt that by practice a great degree of command may be acquired over them. The author conceives that we may in this way account for the facility acquired by many persons of reading and writing, and of carrying on intricate trains of thought, without being disturbed by, or being conscious of, the noises around them. He conceives also that the same mode of explanation may be applied to account for the power of appreciating and analysing the most complex harmonies possessed by persons having a fine musical ear; which the author considers to be as certainly the result of specific mental and muscular training, as the faculty of vocalization, or the art of playing on a keyed instrument.
The author concludes by observing, that the equations for the transmission of an undulation along a musical string require a similar correction to that introduced in the case of aerial vibrations. The discussion of this branch of the subject he reserves for a future op portunity.
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